1. Introduction
===============

The main functions of lipoproteins are to transport lipids in the blood and facilitate lipid transport through the cellular membrane into cells. Lipoproteins play an important role in the development of atherosclerotic cardiovascular disease in humans.^\[[@R1]--[@R3]\]^ There are 5 main types of blood lipoproteins: high-density lipoprotein (HDL), low-density lipoprotein (LDL), intermediate-density lipoprotein, very low-density lipoprotein (VLDL), and chylomicrons. The concentrations and metabolism of these lipoproteins, which have different functions in lipids transport and homeostasis,^\[[@R4],[@R5]\]^ are modulated by apolipoproteins on the surface of lipid-rich particles.

The human apolipoprotein E (*ApoE* gene; OMIM 107741) located on chromosome 19q13.2, codes for a 34,200-kDa protein of 299 amino acids.^\[[@R6]\]^ As a major determinant of lipoprotein metabolism, ApoE protein is synthesized principally in the liver, and has also been found in other tissues such as the brain, spleen, kidneys, gonads, adrenals, and macrophages. ApoE is a polymorphic glycoprotein attached to various plasma lipoproteins. ApoE participates in reverse cholesterol transport and functions as a ligand for receptor-mediated clearance of chylomicrons and VLDL remnants in lipid metabolism.^\[[@R7]\]^

Two single-nucleotide polymorphism variations in the *ApoE* gene, rs429358 and rs7412, lead to different protein isoforms that exert opposite effects on the metabolism of blood lipids.^\[[@R8]\]^ Differentiated based on cysteine (Cys) and arginine (Arg) residue interchanges at positions 112 and 158 in the amino acid sequence, the allelic variants derived from the 2 single-nucleotide polymorphisms are commonly referred to as E2, E3, and E4. The E2 allele contains a Cys residue at both the 112 and 158 positions, the E3 allele has a Cys residue at position 112 and an Arg residue at position 158, and the e4 allele contains Arg residues at both positions in the receptor-binding region. The 3 variants give rise to 6 biallelic genotypes, 3 homozygous genotypes (E2/E2, E3/E3, and E4/E4), and 3 heterozygous genotypes (E2/E3, E2/E4, and E3/E4), which form 3 isoforms of ApoE, referred to as ApoE2, ApoE3, and ApoE4.^\[[@R9]\]^ These amino acid substitutions cause the ApoE protein to have different functions. Among these 6 genotypes, E3/E3 is the wild-type and most prevalent in different populations, and the number of people with the E2 or E4 allele is low. Different ApoE isoforms have different receptor-binding abilities; ApoE4 shows the maximum-binding capacity, whereas the binding ability ApoE2 is defective.^\[[@R10]\]^ Previous studies have shown that the different *ApoE* genotype results in an individual carrier\'s differential susceptibility to future coronary artery disease events and that ApoE4 is associated with increased coronary artery disease events compared to ApoE2 and ApoE3.^\[[@R8],[@R11]\]^

Serum lipid levels are closely correlated with dietary habits,^\[[@R12]\]^ which in Shandong are quite different from other areas of China. Shandong cuisine is famous for its high salt and soy sauce content, and sodium intakes were high among residents of Shandong province.^\[[@R13]\]^ Shandong province is located on the northeast of China and there are more than 95,000,000 people in Shandong province which is nearly 1/14 of China according to the 6th national census of China in 2010.^\[[@R14]\]^ There are 56 ethnic groups in China and Han is the largest group. Among this 95 million people, a very large group is Han nationality accounts for 99.32% of the proportion and the frequency of ApoE polymorphism differs in different ethnic groups.^\[[@R2],[@R14],[@R15]\]^ But only a few of the study about ApoE polymorphism and ApoE concentration has been performed in Shandong Han population. Therefore, evaluating the effect of ApoE polymorphism on serum lipid levels in Shandong province is a complementary mechanism study of ApoE.

In this study, the distribution of different genotypes of Shandong Han people was detected. It has been reported that serum ApoE concentration significantly modulates lipoprotein levels in an isoform-independent manner through its effects on clearance rate, lipolytic conversion, and VLDL production.^\[[@R16]\]^ The association between ApoE polymorphism and serum lipid parameters may be confounded or masked by ApoE concentration. To evaluate the association of serum lipids with ApoE alleles, the serum levels of total cholesterol (TC), triglycerides (TGs), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), apolipoprotein A1 (ApoA1), apolipoprotein B (ApoB), and ApoA1/ApoB (A1/B) in a Shandong Han population were evaluated. The influences of sex, age, and body mass index (BMI) on lipid metabolism were also taken into account in this study to determine the association of ApoE polymorphism and lipid profiles, which may be partly attributed to genetic variations in ApoE.

2. Materials and methods
========================

2.1. Sample and data collection
-------------------------------

A total of 815 Han population from the Jinan Central Hospital Health examination center was randomly selected from Jinan, Shandong province. Subjects were general population, ranged in age from 20 to 60 years, BMI from 18.5 to 29.9, and did not recently take drugs that may affect blood lipid levels. There were 285 men and 530 women. The Ethics Committee of Jinan Central Hospital Affiliated to Shandong University approved the study, and samples were taken after obtaining informed consent from all subjects.

2.2. Laboratory analysis
------------------------

Blood samples were collected and serum was separated within 4 hours and stored to measure serum lipid parameters. Subsequent analysis of serum TC, TG, LDL-C, HDL-C, ApoA1, and ApoB was performed using the Roche Cobas 8000 modular analyzer series (Basel, Switzerland) using a standard method. All analyses were performed in duplicate, and the examiners were blinded to the clinical and laboratory results.

2.3. ApoE genotyping
--------------------

Blood used for genotyping was drawn into EDTA-containing tubes. Genomic DNA was prepared from peripheral blood leukocytes according to the standard procedure of the Magen HiPure Blood DNA Mini Kit (Guangzhou xinyan, Bioscience Co., Ltd., Guangdong, China) and stored at −20 °C. The genotypes of *ApoE* were detected using an ApoE Genotyping Detection Kit (gene chip assay) (ZhuHai Sinochips Bioscience Co., Ltd.) according to the manufacturer\'s instructions.

2.4. Statistical analysis
-------------------------

The results were reported as the means ± standard deviations or percentages. The allelic frequencies and genotype distributions were calculated using the gene-counting method. The χ^2^ test or Fisher exact test was used to evaluate the allelic and genotypic frequencies of *ApoE*. One-way analysis of variance and Student--Newman--Keuls post test were performed to determine the differences in lipid parameters among different genotypes and alleles. Differences were considered significant when *P* \< 0.05. Statistical analysis was performed using SPSS version 22.0 (SPSS, Inc., Chicago, IL).

3. Results
==========

3.1. Characteristics of subjects with different *ApoE* genotypes
----------------------------------------------------------------

Here, 815 normal Han subjects were selected for the current study. The general characteristics and serum lipids of the Shandong Han population in this study are shown in Table [1](#T1){ref-type="table"}. The allele and genotype frequencies are shown in Table [2](#T2){ref-type="table"}. The frequency of the *ApoE E3* allele was greatest (83.1%), while those of *E2* and *E4* were 9.4% and 7.5%, respectively, which is comparable to the values found in other studies performed in Asian populations.

###### 

General characteristics and serum lipids of Shandong Han population.
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###### 

Allele frequencies and prevalence of *Apolipoprotein E* (*ApoE*) genotypes in Shandong Han population.
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3.2. Serum ApoE concentrations with different *ApoE* genotypes
--------------------------------------------------------------

To evaluate the association of serum lipids with ApoE alleles, the concentration of serum ApoE in our Shandong Han population was determined. We divided all subjects into 3 subgroups: E2 group (E2/E2 and E2/E3), E3 group (E2/E4 and E3/E3), and E4 group (E3/E4 and E4/E4). Table [3](#T3){ref-type="table"} shows that ApoE polymorphism influenced serum ApoE levels in a gene-dependent manner. The same pattern was observed in both the male and female groups. The concentration of serum ApoE in the E2 group was higher than those in the E3 and E4 groups (Fig. [1](#F1){ref-type="fig"}A).

###### 

Concentration of serum ApoE in Shandong Han population (mg/L).
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![The influence of ApoE alleles on serum ApoE concentrations in Shandong Han population. (A) ApoE polymorphism influenced serum ApoE levels in a gene-dependent manner. (B) The concentration of serum ApoE was influenced by BMI. ApoE = apolipoprotein E, BMI = body mass index.](md-95-e5639-g004){#F1}

The highest concentration of serum ApoE was observed for the E2/E2 allele compared to E2/E3, E2/E4, E3/E3, E3/E4, and E4/E4 in both the male and female groups. ApoE concentration in the lower BMI group was slightly higher than that in the higher BMI group with the E2/E2 allele, while ApoE concentration in the lower BMI group was lower than that in the higher BMI group with the E4/E4 allele (Fig. [1](#F1){ref-type="fig"}B).

3.3. Influence of serum ApoE concentration and polymorphisms on serum lipids parameters
---------------------------------------------------------------------------------------

Table [4](#T4){ref-type="table"} shows that the concentration of different serum components was not always the same for variant alleles in both the male and female groups. We found that when ApoE was higher, TC and LDL-C concentrations for the E2/E2 allele were lower than in other groups (Fig. [2](#F2){ref-type="fig"}A, B). These results indicate that together with ApoE level, ApoE polymorphism may influence serum TC and LDL-C levels in a gene-dependent manner. For serum TG, the concentration in men was higher than that in women with the E2/E2, E2/E3, and E3/E3 alleles (Fig. [2](#F2){ref-type="fig"}D). Serum HDL-C and ApoA1 levels in women were higher than that in men except for E2/E4 allele (Fig. [2](#F2){ref-type="fig"}E, F).

###### 

Influences of *ApoE* genotypes and alleles on serum lipid concentrations in Shandong Han population.
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![ApoE concentration and polymorphism influence serum lipid levels in Shandong Han population. (A) The concentration of serum TC in the 6 different ApoE alleles. (B) The concentration of serum LDL-C in the 6 different ApoE alleles. (C) The concentration of serum ApoB in the 6 different ApoE alleles. (D) The concentration of serum TG in the 6 different ApoE alleles in both male and female. (E) The concentration of serum HDL-C in the 6 different ApoE alleles in both male and female. (F) The concentration of serum ApoA1 in the 6 different ApoE alleles in both male and female. (G) The changes of serum TC concentration with different age in the 6 different ApoE alleles. (H) The changes of serum TG concentration with different age in the 6 different ApoE alleles. (I) The changes of serum LDL-C concentration with different age in the 6 different ApoE alleles. (∗*P* \< 0.05). ApoA1 = apolipoprotein A1, ApoB = apolipoprotein B, ApoE = apolipoprotein E, HDL-C = high-density lipoprotein cholesterol, LDL-C = low-density lipoprotein cholesterol, TC = total cholesterol, TG = triglyceride.](md-95-e5639-g006){#F2}

ApoE level and ApoE polymorphism influenced not only the levels of serum lipids described above, but also the concentrations of ApoB. We found that the concentration of ApoB for subjects with the E2/E2 allele was the lowest and there was a significant difference between those with the E2/E2 allele and those with the other four alleles, including E2/E4, E3/E3, E3/E4, and E4/E4 (*P* *\<* 0.05) (Fig. [2](#F2){ref-type="fig"}C); this pattern was observed in both men and women. The value of ApoA1/ApoB in the E2/E2 allele was the highest and was similar to the concentration of serum ApoE.

We also found that the concentrations of TC, TG, and LDL-C in the E2 group increased with increasing age, particularly for the E2/E2 allele, but this difference was not observed in the E4 group (Table [4](#T4){ref-type="table"}). TC and LDL-C concentrations also increased with increasing age in the E3 group (Table [4](#T4){ref-type="table"}). These results indicate that age influences serum TC, TG, and LDL-C levels in a gene-dependent manner.

4. Discussion
=============

ApoE is a plasma glycoprotein associated with the transport of cholesterol and other lipids involved in growth and maintenance during development.^\[[@R17]\]^ As the largest group, the Han ethnic group accounts for approximately 99.3% of the population in Shandong province. In this study, the distribution of different *ApoE* genotypes in a Shandong Han population was studied. The frequency of the *ApoE* E3 allele was the highest (83.1%), while those of E2 and E4 were 9.4% and 7.5%, respectively, which are comparable to values found in other studies of Asian populations.^\[[@R18]\]^

Our results showed that ApoE polymorphism significantly influenced serum ApoE levels in a gene-dependent manner in both male and female groups. The highest concentration of serum ApoE was found in the E2 group, while the lowest was found in the E4 group; these results agree with those previously reported in other populations and are consistent with those of a previous study by Liberopoulos.^\[[@R14]\]^

ApoE binds to multiple types of lipids and it has been implicated in cholesterol and TG homeostasis. An important part of our study was determining the influence of *ApoE* genotypes and alleles on serum lipid concentrations in a Shandong Han population. Previous studies have indicated that ApoE level is important for determining serum lipid levels. Although no significant differences in serum lipid concentrations were observed for the various genotypes, some general trends were observed. Individuals with the E2 allele showed lower levels of serum cholesterol, whereas individuals with the E4 allele showed higher levels compared to individuals who are homozygous for the E3 allele.^\[[@R8],[@R19]\]^

Our results that ApoE2 carriers have lower levels of serum TC, LDL-C, and APO-B than ApoE3 carriers and greater levels in ApoE4 carriers in contrast to ApoE levels in our Shandong Han population were consistent with a previous study performed in Beijing and Shanghai.^\[[@R18]\]^ Women showed a higher ApoA1 level than men with the E2/E2, E2/E3, E3/E3, E3/E4, and E4/E4 alleles except for the E2/E4 allele. We also found that some serum lipid levels were influenced by age in the E2 group, which is consist with a previous study.^\[[@R20],[@R21]\]^ The concentrations of TC, TG, and LDL-C in the E2 group increased with increasing age. Unlike in the E2 and E3 groups, age was not associated with serum lipid levels in the E4 group in our study.

In this study, the combined influence of ApoE polymorphism, age, and BMI on serum lipids was evaluated. The associations between ApoE polymorphism, ApoE level, age, BMI, and serum lipid profiles may be partially attributed to genetic variations in ApoE.

Abbreviations: ApoA1 = apolipoprotein A1, ApoB = apolipoprotein B, ApoE = apolipoprotein E, Arg = arginine, BMI = body mass index, Cys = cysteine, HDL = high-density lipoprotein, HDL-C = high-density lipoprotein cholesterol, IDL = intermediate-density lipoprotein, LDL = low-density lipoprotein, LDL-C = low-density lipoprotein cholesterol, TC = total cholesterol, TG = triglyceride, VLDL = very low-density lipoprotein.
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